Effects of low-fat (1% corn oil) diets containing an isonitro genous level (3.2%) of either casein, soybean protein isolate or three soybean globulin fractions (total, 11S and 7S globulins) on plasma and liver lipids and on the excretion of fecal neutral sterols were examined in rats. When diets free of cholesterol were fed, the concentration of plasma cholesterol was significantly lower in all groups of rats given different soybean proteins than in the animals given casein. 11 S globulin tended to produce a lower level of plasma cholesterol as compared with the 7S counterpart. Although the net decrease due to feeding plant proteins in high density lipoprotein cholesterol was to some extent greater than that of very low and low density lipoprotein cholesterol, the percentage of the former to total cholesterol remained in the normal range. The con centration of liver cholesterol appeared to be lower in rats given soybean proteins. Rats fed soybean globulins, as compared with the animals fed casein, tended to excrete larger amounts of neutral sterol into the feces. These soybean-effects disappeared when cholesterol and cholic acid were added to diets. The results indicated that the antihypercholesterolemic effect of soybean protein was attributable to protein per se, and not to the carbohydrate components which were associated with the protein preparation.
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As demonstrated previously in rabbits(1), hypercholesterolemia can be also produced in rats by feeding low-fat cholesterol-free semipurified diets in relation to the animals fed soybean protein (2) . A number of attempts have been made to elucidate the mechanism by which casein induces hypercholesterolemia. The major factor contributory to the antihy T. OKITA and M. SUGANO percholesterolemic effect of soybean protein may ultimately reside in its amino acid profile, because the response of plasma cholesterol observed with a diet containing amino acid mixture is virtually the same as that obtained with the intact protein (3, 4) . On the basis of the difference in the amino acid composition between casein and soybean protein, effects of the addition of specific amino acids were tested. Kritchevsky (5) showed that the addition of lysine to soy protein raised the plasma cholesterol of rabbits. This observation was in contrast to that with rats in which lysine supplementation did not exhibit any effects on the plasma cholesterol level (6) . The amino acid compositions of major components of soybean protein, 7S and 11S globulins, differ from each other, especially with respect to methionine, cysteine and proline (7, 8) . Thus, if one assumes that the amino acid pattern is responsible for the hypocholesterolemic effects of soy protein, there is the possibility that the effective component of soybean protein resides in a particular protein fraction.
The current study was aimed at gaining a clue to the mechanism of the hypocholesterolemic effect of soybean protein. Though contradictory, a few investigators still ascribe the cholesterol-lowering effect of soybean protein to the nonproteinous components such as saponin, but not to protein itself (9) . Since it is also known that the two major globulin fractions, 7S and 11S globulins, contain different amounts of carbohydrates, use of fractionated proteins should provide a hint for the resolution of this conflicting observation. The present study also compared the amounts of neutral sterols excreted into the feces.
MATERIALS AND METHODS
Animals and diets. Male Wistar rats (Kyudo Co., Kumamoto) were used throughout the experiment. The animals were caged individually and were fed commercial feed (Oriental Yeast Co., Tokyo, type MF) for one week after arrival. Groups of six rats were then fed experimental diets ad libitum for 14 days. The composition of the basal diet is shown in Table 1 . Proteins (3.2% as nitrogen) were added to this basal diet at the expense of dextrin. Five kinds of protein sources were examined, casein (Katayama Chemical Ind., Osaka), soybean protein isolate (Fujipro R, Fuji Oil Co., Osaka) and three types of soybean globulins (total, 7S and 11S globulins). Cholesterol and sodium cholate (1% and 0.25% in experiment 1, and 0.5% and 0.125% in experiment 2, respectively) were added at the expense of dextrin. At the end of the feeding period, rats were fasted overnight and blood was collected in a heparinized syringe by cardiac puncture under Na-pentobarbital anesthesia (50mg/kg). Lipid analysis. Plasma and liver lipids were extracted (11) and analyzed for cholesterol (12) , triglyceride (13) and phospholipid (14) . Plasma high-density lipo protein (HDL) cholesterol was determined via the heparin-manganese precipitation method (Wako Pure Chemical Ind., Osaka) with the enzymic assay of the supernatant. Feces were collected at the end of the experiments and analyzed for neutral sterols by gas-liquid chromatography (15) .
RESULTS

Effects of dietary proteins on growth, food intake and liver weight
Food intake, body weight gain and liver weight are summarized in Table 2 . Effects of dietary proteins on plasma and liver lipids In rats fed on diets free of cholesterol (experiment 2), the concentrations of plasma HDL-cholesterol were 69.2mg/dl for casein and 49.3mg/dl for total soy globulin, 49.9mg/dl for 11S globulin and 51.6mg/dl for 7S globulin, the differences between casein and three soy globulins being statistically significant (p<0.05). However, due to the decrease in total cholesterol after feeding soybean protein preparations, the percentage of HDL-cholesterol to total-cholesterol remained apparently in the normal range (68.9-73.8%, the corresponding value for casein was 74.1%). When diets contained cholesterol, no reliable and reproducible results were obtained for HDL-cholesterol, indicating the need for the more adequate metho dology for determination of HDL-cholesterol. 
Effects of dietary proteins on fecal excretion of neutral sterols
The excretion of fecal neutral sterols when cholesterol-free diet was fed is shown in Table 4 . Neutral sterol excretion increased generally with soybean globulins as compared with casein. In both experiments 1 and 2, rats fed 7S globulin tended to excrete larger amounts of sterols into the feces.
DISCUSSION
The results of the present study confirmed our previous findings (2), in accordance with the observation in rabbits (1) , that when a low-fat cholesterol-free diet is fed to rats, soybean protein elaborated a significantly low level of plasma cholesterol as compared with casein. Among different types of soybean proteins tested, plasma cholesterol levels were generally lower with 11 S globulin than with the 7S counterpart. It is thus likely that 11S globulin may be more closely related to the antihypercholesterolemic effect of soy protein than is 7S globulin.
The reduction of the plasma cholesterol in rats appeared to depend on the type of soybean proteins, 11S globulin being the most effective. On the other hand, the excretion of fecal neutral sterols in rats given 7S globulin was higher than with 11S globulin in experiment 1 and tended to be higher in experiment 2. Although Fumagalli et al. (16) and Huff and Carroll (17) ascribed the hypocholesterolemic effect of soy protein to the increased excretion of neutral sterols, the results of fecal neutral sterol analyses was against this concept. Thus, there was no consistent association between plasma cholesterol levels and the amounts of neutral sterols excreted. In fact, the increase in fecal output of neutral sterols after feeding soybean protein isolate, as compared with casein, disappeared, with the amino acid mixture simulating protein (18) . The present study also provided no consistent correlation between the contents of carbohydrates in the protein preparations and plasma cholesterol levels. The saponin-hypothesis could thus be discarded (9) .
The major factor contributory to the hypocholesterolemic effect of soybean protein may reside in its amino acid profile, since the enzymic hydrolysate of T . OKITA and M. SUGANO Table 5 . Amino acid composition of the proteins (mg/mg N).
C, casein; SI, soy protein isolate; TS, total soy globulin; 1lS, 11S soy globulin; 7S, 7S soy globulin.
soybean protein or the amino acid mixture simulating soybean protein gives plasma values virtually the same as those obtained with the intact protein (3, 4, 6) . The amino acid compositions of the soybean protein isolate and three types of globulins, together with those of casein, are shown in Table 5 . The most striking difference in the amino acid composition between soy protein and casein was found in the content of methionine, which is the first limiting amino acid of the former. However, sufficient amounts of methionine should certainly be provided at the 20% protein level as in the present study. Since rats given soybean protein appeared to grow normally, its hypocholesterolemic effect will be discriminated from the function of methionine as an essential amino acid. In fact, Carroll et al. (1, 19) reported that the supplementation of methionine to soybean protein elevated the plasma cholesterol only slightly, indicating the relative non-involvement of this amino acid in the control of cholesterol levels in this case. In the present study, the plasma cholesterol levels of rats given 11S globulin were to some extent lower than those given 7S globulin. 11S globulin contained three times as much methionine as 7S globulin. Therefore, all the evidence supports the view that methionine may not be a major contributory factor for the hypocholesterolemic action of soybean protein.
The tryptophan content was also somewhat different between two globulins . Jarowski et al. (20, 21) showed that the plasma cholesterol of rats was lowered by The supplementation of excess lysine in diets fed to rats causes fatty liver and this disorder can be counteracted by arginine (22) . The lysine-arginine ratio of casein, llS globulin and 7S globulin was 2.67, 0.60 and 0.78, respectively. Thus, the lysine-arginine ratio appears to be relevant to the plasma level of cholesterol. Actually, Kritchevsky et al. (5) observed the plasma cholesterol-elevating effect of supplementary lysine with soybean protein in rabbits, but addition of arginine to casein resulted in an unequivocal response. The results of Nagata et al. (6) from rat experiments indicated that the addition of lysine to soy protein or arginine to casein at the levels at which the lysine-arginine ratios became equivalent to each other did not alter the effects of these proteins on the concentration of plasma cholesterol. The same was observed when the amino acid mixture-containing diet was used instead of intact protein (18) . Further studies on the role of lysine-arginine antagonism in cholesterol metabolism are required.
There was an apparent correlation between the glycine content of each protein and the plasma cholesterol levels of rats given these proteins. Hermus and his colleagues (23) reported recently that the addition of glycine reduced casein-induced hypercholesterolemia in rabbits and rats. This observation seems to indicate the worth of continuing further studies. 
